INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is characterised by progressive airflow limitation associated with abnormal pulmonary inflammation as a reaction to irritating noxious particles and gases. 1 2 The disease is common, especially among older people with previous tobacco smoking habits. 3 The mortality rate of COPD has been rising since the 1990s and this disease is expected to be one of the leading causes of death worldwide in the next decades. 4 5 COPD is associated with impaired quality of life, hypoxia, anxiety and depression-risk factors known for suicide. [6] [7] [8] [9] [10] [11] Although studies have reported an increased risk for suicide among patients with somatic illness, 7 12-14 to the best of our knowledge, few studies have examined the relationship between COPD and suicidal behaviour as the primary aim. A US study based on data from self-reported questionnaires showed an increased OR of lifetime suicidal ideation and suicide attempt in adults with COPD compared with those without COPD. 15 Another cohort study on sociodemographic, psychiatric and somatic risk factors for suicide in Sweden reported an increased risk for suicide among women and men with COPD. 7 Recently, two studies using data from the General Practice Research Database in the UK also demonstrated an increased risk of suicide and of self-harm that was associated with COPD among a number of
Strengths and limitations of this study
▪ This study is based on data from five Danish national longitudinal registers, ensuring full representativeness, preciseness and minimum plausible recall bias of the data. ▪ Only hospitalised chronic obstructive pulmonary disease is considered in the analysis, and our finding relies on the quality of data in the source registers. ▪ The data cover a relatively long period, but we miss lifetime information for individuals included in the beginning of the study period and those at advanced ages.
physical diagnoses. 16 17 Similar findings were also reported in a study using regional population data from Canada. 14 To extend our understanding on the relation of COPD with suicide risk, we conducted this large population study to document in detail the association between COPD and suicide risk according to factors around hospitalisation for COPD and by sex, age and psychiatric status of the patients.
METHODS AND MATERIALS Settings, study design and participants
We conducted a nested case-control study based on all residents in Denmark (approximately 5.6 million). We retrieved data from five national longitudinal medical and administrative registries or databases, [18] [19] [20] [21] [22] and linked the data at an individual-level using a unique personal identifier, assigned by the Danish Civil Registration System to all Danish citizens at birth and to new residents on immigration since April 1968. 22 We identified all definite suicides 23 24 that occurred in 1981 through 2006 in Denmark by searching the Cause-of-Death Registry with the relevant diagnostic codes in the International Classification of Diseases, the 8th revision (ICD-8; E950-959) and the 10th revision (ICD-10; X60-84). The Cause-of-Death Registry has recorded the dates and causes of all deaths that have occurred in Denmark since the year 1969. 19 Causes of death as well diagnoses of diseases are coded according to the Danish versions of the ICD-8 through 1993 and the ICD-10 since 1994. The 9th revision of ICD has never been introduced in Denmark. Sociodemographic status and labour market conditions (employment status, type of occupation, job function, employer) data for all Danish residents are collected in the Danish Integrated Database of Labor Market Research (IDA database). 21 The individual sociodemographic data reported for a given calendar year are only complete for citizens living in Denmark on December 31 of the year in question. In order to have complete data on sociodemographic data from the IDA database, we restricted study cases to suicides residing in Denmark on 31 December of the preceding year. Moreover, we only included persons 40-95 years old in the analyses, because COPD is rare in young people and it was difficult to find eligible controls for the very old.
Using incidence density sampling, 25 we randomly drew up to 20 live population controls per suicide case, matched on sex and date of birth, from a 25% representative sample of the Danish population in the Civil Registration System. The rationale for using 20 controls per case, more than the recommended 3-5 controls per case, was because having extra controls did not require additional costs for data collection and could secure reasonable statistical power of analyses in the examination of uncommon exposures. The number of controls matched to each case in this study varied from 1 to 20 with an average of 16.2 controls per suicide case.
Data on COPD and covariates
To identify previous hospitalisations for COPD, we searched the Danish National Patient Registry (NPR) using the ICD-codes for COPD (ICD-8: 490-492 and ICD-10: J40-44). 18 The Danish NPR contains data on all patient contacts with Danish somatic hospitals, including date of admission, up to 20 comorbid diagnoses and performed procedures, since the year 1977 for inpatients and 1995 for outpatients. 18 All residents in Denmark have unrestricted free of charge access to outpatient and inpatient medical care through the tax-funded healthcare system. Private expenditure, if any, mainly goes in purchasing pharmaceuticals and dental care. We considered only severe COPD that led to hospitalisation for treatment in the analyses of the present study. We also recorded the total number and specific dates of all COPD hospitalisations in order to assess the influences of frequency of COPD hospitalisations (1-2, 3-5 and >5 hospitalisations) and of time elapsed since the last COPD hospitalisation (0-30 days, 1-6 months, 6-12 months, 1-3 years, and >3 years between last hospitalisation for COPD and suicide).
To control for possible confounding effects of physical illness other than COPD, we retrieved data on previous hospitalisation for other physical illness from the NPR, excluding pregnancy and childbirth, mental and behavioural disorders and external causes (including accidental and intentional poisonings, and injuries), prior to the time of suicide or the matching date of control (index date). 12 Personal data on contacts with psychiatric hospitals or wards, either as an inpatient or an outpatient, were retrieved from the Danish Psychiatric Central Registry. 20 Data on inpatient admissions and discharges to psychiatric facilities in Denmark have been systematically collected in the Danish Psychiatric Central Registry since 1969. 20 Visits to hospital outpatient clinics and emergency departments have been recorded in the registry since 1995. We categorised the participants according to whether they had a contact with psychiatric hospitals or wards before the date of suicide or index date for controls.
Additionally, we retrieved personal sociodemographic data including annual gross income, place of residence and citizenship from the IDA database and marital status from the Civil Registration System, for the purpose of adjustment. 23 
Statistical analysis
We computed contingency tables for variables of interest as well as general characteristics of the study population. We used conditional logistic regression to estimate the association between hospitalisation for COPD and risk for subsequent suicide. Since we used incidence density sampling, the estimated ORs from the analyses were unbiased estimates of incidence rate ratios. 25 To generate the associated ORs, we designed three different models: (I) crude, that is, only controlled for the effects of sex and birthdate through matching; (II) adjusted for personal history of psychiatric illness; and (III) further adjusted for gross income, place of residence, citizenship and marital status. The Wald test was used to test differences in OR estimates between groups and to examine interactions between COPD and sex, age and previous psychiatric illness. Stratified analyses by sex and age were performed to generate the effect of COPD on suicide in specific sexes and age groups. The interactive effect by psychiatric history was estimated by including the interaction of COPD and psychiatric history in the adjusted model for the total and for each specific sex and age group. Estimates of conditional logistic regression were generated using the PhReg procedure with each case forming a separate stratum. 95% CI were computed and the level of statistical significance was set at 5%. All statistical analyses were carried out in SAS V.9.2.
RESULTS

General description
We included 19 869 cases who died from suicide between ages 40-95 years from the year 1981 through 2006 and 321 867 matched controls randomly selected from a 25% representative sample of the national population. The majority of suicide cases were men (n=12 548; 63.2%) and aged 40 to 60 years (n=10 877; 54.7%; table 1). In the study population, 3% (n=592) of suicide cases had a history of hospitalisation for COPD by the date of suicide compared with 1% (n=3087) of population controls. A larger proportion of suicide cases had a history of psychiatric illness (n=8744; 44.0%) compared with the population controls (n=19 413; 6.0%). Suicide cases were also more frequent than the controls who had a physical illness other than COPD (68.1% vs 48.8%). At the same time, 36.5% of suicide cases had a yearly income at the lowest quartile level against 24.6% of the comparison controls. Moreover, suicide cases were mostly single (52.2%), whereas the comparison controls were mostly married or cohabited with a partner (72.2%; table 1).
Suicide risk associated with COPD
We found that patients with a history of COPD hospitalisation were at a significantly increased risk of suicide compared with individuals without such a history (crude OR 2.6, 95% CI 2.3 to 2.8; table 2). The associated risk was attenuated slightly but remained highly significant after adjustment for psychiatric history, moreover adjusted for sociodemographic variables (adjusted OR 2.0, 95% CI 1.8 to 2.2). The association was more pronounced in women than in men (adjusted OR: 2.3, 95% CI 2.0 to 2.7 for women and 1.9, 95% CI 1.6 to 2.1 for men; test of sex difference: χ 2 =4.17, p=0.041) and in individuals aged 61-95 years than the younger group (adjusted OR: 2.2, 95% CI 2.0 to 2.5 for 61-95 year olds and 1.5, 95% CI 1.2 to 1.9 for 40-60 year olds; test of age difference: χ 2 =7.65, p=0.005; table 3).
We also noted that the relative risk of suicide progressively increased with an increasing frequency of COPD hospitalisations and with shorter time distance since last COPD hospitalisation (table 3) . The adjusted OR for suicide increased from 1.8 (95% CI 1.6 to 2.0) in patients with 1-2 previous COPD hospitalisations to 3.7 (95% CI 2.5 to 5.4) in those with more than five COPD hospitalisations. At the same time, the adjusted OR for suicide declined from 8.3 (95% CI 6.0 to 11.5) in patients hospitalised for COPD within the past 30 days to 1.2 (95% CI 1.0 to 1.4) in patients hospitalised for COPD more than 3 years ago. The observed pattern of ORs associated with the frequency and the recency of COPD hospitalisations remained similar in analyses stratified by sex and age group as well as by psychiatric history (data not shown). Effect of COPD by psychiatric history Of individuals with a hospitalised COPD, a history of psychiatric disorder was more often seen in patients who died from suicide (37.5%) than in counterpart live controls (11.8%; table 4). Hence, the effect of COPD on suicide risk interacted significantly with psychiatric history (test of effect difference: χ 2 =47.55, p<0.001 after adjustment for sociodemographic variables).
In general, a hospitalised COPD increased suicide risk significantly more in individuals with no recorded history of psychiatric illness (OR 2.6, 95% CI 2.3 to 2.9) than it did for individuals with a psychiatric history (OR 1.2, 95% CI 1.0 to 1.5) after having controlled for the main effect of psychiatric illness and the effects of socioeconomic factors. Regardless of sex and age, COPD denoted a significant risk factor for suicide in people without a psychiatric history. For individuals with a prior hospital contact because of psychiatric illness, the additional risk of suicide associated with COPD remained highly significant only in female participants and in patients above 60 years. 
DISCUSSION
Key findings and comparison with the literature
In this large population study, we found a significantly increased risk of suicide among patients previously hospitalised for COPD compared with persons without a history of COPD hospitalisation. The relative risk remained highly significant after adjustment for psychiatric history and sociodemographic variables, and increased progressively with frequency and recency of COPD hospitalisation. In the meantime, suicide risk associated with COPD differed significantly by sex, age and psychiatric status; it was more pronounced in women, in individuals older than 60 years, and in persons with no history of psychiatric illness. These findings confirm previous reports on COPD being related to an elevated risk of suicidal ideation and suicide attempt or self-harm 7 13-15 17 as well as suicide death. 7 14 16 They extend the literature demonstrating that the effect of COPD on suicide risk differs significantly by sex, age and psychiatric status of the participants, and provide further insights into suicide risk in relation to recency and frequency of COPD hospitalisation for treatment.
In their studies, Goodwin et al 13 found that physical illness including COPD and lung diseases are related to suicide attempts among adults in the USA. 15 The authors also argued for a dose-response relationship between the number of diagnosed physical conditions and the risk of suicide attempt. This notion is supported by our findings of an elevated risk of suicide completion associated with multiple hospitalisations and recency of the last COPD hospitalisation. However, the studies of Goodwin et al were based on self-reported data on COPD, medical illness as well as suicidal behaviour from a cross-sectional questionnaire survey, while our study is based on routine data registered by clinicians and prospectively collected, without specific purposes, for research. Furthermore, the study of Goodwin et al included younger adults in whom COPD is less common, which complicates a direct comparison with the present study of participants 40-95 years of age. 3 In a Swedish study on risk factors for suicide among adults during 2001-2008, Crump et al 7 found that a previous diagnosis for COPD was a somatic risk factor for suicide in both women and men. Similarly, in two recent studies using data from the General Practice Research Database in the UK, Webb et al 16 17 found that COPD was among several somatic illnesses associated with a significantly increased risk of suicide and of self-harm; but the authors failed in detecting a highly significant sex difference in the effect of COPD on either suicide completion or self-harm, albeit the associated estimate of risk for suicide death was somewhat higher in women than in men. Furthermore, in a recent population-based study addressing suicide risk in relation to physical disorders, Bolton et al 14 reported that women with COPD had almost five times the odds of suicide compared to women without COPD. Our findings are to a large extent in line with these studies but, compared to the studies of Crump et al and Webb et al, we further demonstrated a significantly stronger effect of COPD on risk for suicide in women than in men, although the observed OR for women in our study was not as large as in the study of Bolton et al. The observed sex difference in suicide risk associated with COPD echoes the earlier notion that women reacted more strongly towards physical functional problems than men did. 12 23 The progressive increase of suicide risk with recency of being diagnosed or treated for physical illnesses has been reported in a number of studies on specific physical conditions such as cancer, 14 26 diabetes, 27 multiple sclerosis, 28 allergy 24 as well as other physical illnesses. 12 A progressive increase of suicide risk associated with the severity of physical illness, measured by frequent hospitalisations, has also been noted in a few studies. 12 26 28 Our study extends the existing evidence that these observations are also applicable to the specific illness of COPD.
This study also adds to the literature by showing that the effect of COPD on suicide risk differs according to personal psychiatric status with a more prominent effect for persons without, rather than with, a psychiatric history, suggesting a possible mediating role of psychiatric illness on the link of COPD with the risk for suicide.
Clinically, COPD is often associated with physical impairment and decreased social and emotional quality of life. 3 5 6 29 Any worsening of the illness would have an effect on degrading the patient's physical function, quality of life as well as mental well-being, and thus accelerates the patient's wish to end her/his own life. This may well explain our observation of the progressively increased risk of suicide along with multiple hospitalisations and recency of hospitalisation, although we could not elucidate the possible influence of being hospitalised per se, because hospitalisation itself could also induce a certain level of stress on the patients.
Psychiatric illness is a well-known risk factor for suicide completion. 30 Somatic patients having been treated for psychiatric problems may receive additional attention on possible suicidal behaviour than individuals who have never had any hospital contact because of psychiatric problems. 7 31 Consequently, a diagnosis of COPD has a relatively smaller effect on risk of suicide for individuals with psychiatric comorbidity than for those without the comorbidity. Moreover, patients with psychiatric illness already have an increased suicide risk a priori, it is therefore understandable that the additional effect from COPD on suicide risk in these patients is not as strong as the effect of COPD in patients who have never received any specialist care or been hospitalised for psychiatric treatment. Also, the possible influence of psychiatric problems that are clinically undiagnosed or untreated may be contributable to the relatively strong effect of COPD in patients with no record of psychiatric history.
The strong association between COPD and suicide risk, as demonstrated in the present study and earlier studies, underlines the importance of mental healthcare for patients with COPD, 31 especially those recently discharged from hospital treatment or with multiple hospitalisations, female patients and patients of advanced ages. Assessment of suicide risk and prevention effort should take into account patients' sex, age and psychiatric history. Close collaboration of clinicians and clinical units with responsibility for COPD treatment with mental health professional and services would be of benefit to the patients, albeit precise recommendations should be supported by estimates of the absolute risk and number needed to treat. 32 
Limitations and strengths
The present study relies on the quality of COPD diagnosis in the Danish National Patient Register (NPR). Although 99.4% of hospitalisations are included in the NPR 33 and the overall positive predictive value of acute COPD discharge diagnosis in the NPR is 92% (95% CI 91 to 93%), 33 34 any incomplete diagnostic registrations, for example, substantial under recording of COPD during hospitalisations with other acute respiratory conditions, 34 would have led to underestimation of the association.
Data on physical illness have been routinely and systematically recorded in the NPR since 1977, which means that we have many years of data on participants included in the end of the study period but might miss lifetime data on participants included in the beginning of the study period and also on individuals of high ages.
In the meantime, this study only considered patients with COPD previously hospitalised for treatment, leaving less severe or better-controlled COPD outpatients included in the reference group. This may result in an underestimation of the full extent of the association between COPD and subsequent suicide risk. Similarly, a contact with psychiatric hospitals and specialist clinics was used as a proxy for psychiatric illness, which represents more severe psychiatric conditions, possibly leading to an underestimation of psychiatric problems.
On the other hand, the data used for the study have been collected systematically and routinely without any purpose of fulfilling a particular interest of research, which reduces plausible bias due to recall of information and ensures the precision of the data. At the same time, the study is based on the entire national population of a country where hospital treatments for physical and psychiatric illness are free of charge, which eliminates possible bias induced by a selection of access to healthcare by personal socioeconomic status. The large size of included participants also provides us opportunities to search insights on effect differences by, for example, sex and age as well as psychiatric history with reasonable statistical power.
CONCLUSIONS
The present study demonstrates a substantially increased risk of suicide among patients previously hospitalised for COPD compared with individuals without such a history. The relative risk increases with frequency of hospitalisations and recency of the most recent hospitalisation for COPD treatment. The observed effect was more prominent in women, in patients above 60 years old and in individuals without a psychiatric history. The findings underline the importance of assessment of suicide risk in patients with COPD and the need of close collaboration between clinicians and clinic units with responsibilities of somatic and psychiatric treatment.
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